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Abstract 
 
As the economies grow, a number of high-rise buildings and large complex shopping canters have been built in Korea. 
However, these buildings are huge and complex in their size and structure. Therefore, agents will face evacuation problems 
under the fire situation. Unless agents evacuate rapidly, they will suffer from the suffocation and poisoning to death. This 
paper analysed relevant to both human and structures evacuation factors through the agent-based model. The agents are 
classified for simulation modelling into three cases and four groups. Each case contains different number of agents and each 
of the four groups shows different levels of exit awareness. Also through the potential route plan of each group, analysed 
total evacuation time is analysed. As a result, it is found that human conflict is responsible for the total evacuation time as the   
conflict between the familiar and the unfamiliar occurs within the interior structure. Thus, the spatial environment factor that 
evacuation time of case best is 8’22’’ but other cases up to 60’. It is also an effective way for evacuees to be provided with 
optimized width of exits near high density area. To reach out further, future studies may implement other various factors such 
as toxic gases and transportation vulnerable. 
© 2015 Chiwon Ahn, Jooyoung Kim and Seungjae LeePublished by Elsevier Ltd. Selection and/or peer-review under 
organizing committee of I3R2 2015 
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1. Introduction 
 
Fire safety evacuation becomes more important issue in large scale buildings. Recently, as economies 
grow large scale buildings and shopping centers have highly increased in numbers. Therefore, the 
safety issues have gained significant attention under fire situation. It is important for all agents to 
evacuate immediately when the fire emergency occurs. There are many factors to be considered in 
indoor evacuation such as building structures and agents’ psychological and physical behaviors. 
Psychological and physical elements affecting individual and group behaviors should be also 
incorporated into the evacuation models. Furthermore, several evacuation simulation models  
(such as EXIT89, EGRESS, BGRAF, EXODUS, SIMULEX, etc.) have also been developed to predict 
the performance of evacuations in a specific building. In this study, we appoint the ‘COEX MALL’, 
the largest shopping center in Korea, as the target area where it has the largest total floor areas and 
vast number of visitors each day. Due to these reasons, Korean government conducted an evacuation 
drill with 4,000 people in this mall in 2014. As the result of evacuation drill, those who evacuate 
within 10 minutes or only 350 people while it took 20 minutes for 800 people and 30 minutes for the 
rest.  

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However, all the people who participated in the drill were the staff of this mall and all of them were 
familiar with the structure of this mall. 
It may be guessed that the time of evacuation would increase sharply in a mixed situation where 
both familiar and unfamiliar people exist for together. In such circumstance, the survival rate of people 
is likely to drop. The purpose of this study is to find out spatial environment factors as well as human 
behavior factors of indoor evacuations. Agent based model is utilize to analyze the evacuation time of 
agents at any given locations within the structure. It is seen that many of the recent studies an indoor   
evacuation behaviors focus primarily on individualized perception of the building environment 
without activity based model in consideration. This study presents an evacuation model including 
several case and group. It is important to fire safety evacuation area quickly because it is suffocated 
and death from poisoning due to the cause of building fire casualties, mainly due to the smoke and 
toxic gases. After five minutes of fire, the fire and gas rapidly spread to the interior. Therefore, we 
began study to look for an evacuation ways to reduce the loss of life caused by fire in the building.  
This paper is divided into the area of human factors and spatial environment factors. 
 
• Human factors: Spatial recognition of occupants 
• Spatial environment factors: Variation of exit width 
 
This study is conducted as follows. Firstly, we set a model that represents the movement of 
occupants under several hypothetical situations. Secondly, an evacuation simulation is conducted with 
different exit width in test bed. Finally, we appoint a target area ‘COEX MALL’ and implement the 
previously defined model to the area.  
 
2. Literature review 
 Recent advances in computational speed have made the construction of complex simulation 
systems more feasible. Several recent studies involving agent-based models for crowd evacuation 
simulation exist in the current literature. C. Guanquan et.al. (2006) analyzed effect of exit with on 
evacuations. In their research, they made a 20m x 20m network and variation of exit width for analysis. 
Agent based modeling of evacuation is presented by Z. Xiaoping et.al. (2006) presented the ABMs 
model of evacuation. ABMs are computational models that build social structures from the “bottom-
up”, by simulating individuals with virtual agents, and creating emergent organizations out of the 
operation of rules that govern interactions among agents.  
Braun, Bodmann and Musse (2005), Camillen et.al. (2009), Bonomi, Manzoni, Pisano and 
Vizzari(2009) apply ABMs to simulate the evacuation of buildings  In the last few years, the ABM 
technique has been used to study crowd evacuation in various situations. ABMs are generally 
computational more expensive than cellular automata technique. J. Shi et.al. (2009) implemented 
ABMs to indoor evacuation of public large building under fire conditions. Neal Wagner &Vikas (2014) 
Agrawal conducted crowd evacuation modeling in the fire disaster using ABMs. L. Tan et.al. (2015) 
presented ABMs simulation of building evacuation by combining human behavior with predictable 
spatial accessibility under the fire situations. 
 
3. Model of research 
 
3.1 Movement of Occupants 
    Once the evacuation route is selected, the agents begin to move toward the shortest exit. At each 
time step, the agent moves from a cell to one of the unoccupied   neighboring cells. During an 
unimpeded situation, the agent will move straight forward to the next goal. However, affected by 
interactions with surrounding obstacles, especially when avoiding collision, the agents are not likely to 
move strictly along the shortest path. Considering both the agent’s intention to move toward the next 
goal and the influence of the surrounding obstacles, the probability of moving to a neighbouring cell 
(ǡ ሻ is calculated by   
 
݆ܲ݅ ൌ ܰܫ݆݅ሺݓ݆݀݀݅ ൅ ݓݎݎ݆݅ሻ݆݊݅ߝ݆݅                 (1) 
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Here are the following factors considered: 
 
Distance to the goal: 
 
ݓ݆݀݀݅ - ݓ݀(maxܦ݆݅ - ܦ݆݅) / (maxܦ݆݅ - minܦ݆݅)              (2) 
 
Where ୧୨ is the distance from cell ሺǡ ሻ to the agent’s goal, and ୢ ൐ Ͳ is the weight value of the 
distance factor 
 
Repulsion from obstacles: 
 
ݓݎݎ݆݅ = ݓݎ(maxܴ݆݅- ܴ݆݅) / (maxܴ݆݅ - minܴ݆݅)              (3)
               
Where is the repulsion force in cell ሺ݅ǡ ݆ሻthat is received from the surrounding obstacles, and ܹݎ > 0 is 
the weight value of the repulsion factor. 
 
Occupancy by dynamic obstacle (agent): 
 
݊௜௝ = ቄ
Ͳ
ͳ                      (4) 
 
Occupancy by stationary obstacle (building obstruction): 
 
ߝ௜௝= ቄ
Ͳǡ Ǥ Ǥ 
ͳ
                        (5) 
 
Inertial enhancement: 
 
                         ܫ݆݅= ቄ
൐ ͳ
ൌ ͳ                      (6)
  
 
Normalization: 
                  N = ൣσ ܫ݆݅ሺݓ݀ ݆݀݅ ൅ ݓݎݎ݆݅ሻ݆݊݅ߝ݆݅൧
െͳ
                            (7) 
  
 
3.2 Setting target area 
 
    We set several cases and groups for analysis of efficiencies. Table.2 shows the four groups and 
each group has different exit awareness levels. In Table.2, Those who agents belong to the Group 1 are 
defined that they know all exits in the target area. Fist dash time agents who only know one exit they 
came in are assigned Group 4. Based on these concepts, four groups are defined and the following 
tables show the details. 
 
Table 1. Classified groups by the level of exit awareness. 
Categories       Level of exit awareness    Known exits 
Group 1        aware of all exits locations    8 
Group 2             aware of a half of exits locations   4 
Group 3        aware of two of exits locations    2 
Group 4             aware of just one exit location    1 
 
  
  Following the Table 3 shows the group distribution in each case. Each case contains potential 
evacuation route under fire situations. In the ‘Case Best’, every agents move toward the shortest path 
for evacuation. They already know their locations and are familiar the structures. In the ‘Case Middle’, 
every group accounts for even distribution (25%). In the ‘Case Worst’, they only know one exit and 
are in Group 4.  
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Table 2. Classified cases of analysis 
Categories     Group 1     Group2      Group3     Group4  
Case Best    14,000  0  0  0 
Case middle      3,500        3,500        3,500        3,500 
Case worst             0  0  0      14,000  
As mentioned previously, each case has their potential evacuation routes. Following Table 4 
describes the details. Fig.4 has exit labels of locations. The Exit #1 is the main entrance in the target 
area. Therefore, most of visitors enter the “COEX MALL” through the exit #1.This imply the potential 
routes. In the ‘Case Middle’, Group1 move toward the shortest path, while Group4 moves to exit #1. 
Group2 moves 4 directions leading to the four major exits and Group 3 move two major exits.  
Table 3. Classified cases of analysis 
Categories    Case Best    Case Middle     Case Worst  
Group 1    Use all exit   Use all exit    
Group 2     Use exit #1, #3, #5, #7 
Group 3     Use exit #1, #3  
Group 4     Use exit #1           Use only exit #1 
3.3 Variation of Exit width 
To observe the variation of evacuation time, we controlled a width of exit variation. First of all, we 
set some parameters, w, q and Q, ‘w’ is the width of exit and Q is the average number of agents who 
exit per second. ‘q’ is ‘Q’ divided by w, Ts means the evacuation time given by the last person leaving 
the facility. 
 
4. Simulation  
4.1 Simulation with test-bed   
We set a test bed for simulation before analyzing the target area. Following Fig.1 is the simple 
shape of test bed. In the network, there are fifty agents scattered randomly. Table. 5 shows the 
environment of the test bed.  
 
                                                                                                                                                                                            
 
 
 
 
 
 
 
 
 
Fig. 1. Environment of test bed for simulation 
 
Table 4. The environment of test bed 
Categories       Value    
Total floor area (mŒ      20m * 20m (400mŒ) 
Occupants (people)     50 
Range of width of exit (meter)    1 to 20 
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Before simulating the target area, we conducted simulations on test bed. The test bed was made the 
spatial network by 20m x 20m and agents were spread randomly. In the Fig.1, cylinder shapes are 
agents and vertical bar on green color is the exit door.  
 

Fig. 2. Result of exit width variation. 
 
   In the Fig.2, the result shows a sharply falling curve shapes. With 1m of exit width, time for 
evacuation was 48.3 seconds and while the efficiency drop to a half of 1 m width of exit, And however 
width of exit increase. As the width of exit increase the efficiency tends to look stable. Table.6 shows 
the result of simulation details. It contains information about ‘w’, ‘Ts’, ‘Q’ and ‘q’ 
 
Table 5. The result of simulation on test bed 
            w         Ts               Q   q 
    1     48.3   1.0352  1.0352 
    2     26.8   1.8657  0.9328   
    3     23.8   2.1008  0.7003 
    4     23.0   2.1739  0.5435 
    5     22.9   2.1834  0.4367 
    6     22.5   2.2222  0.3704 
                      7     22.3   2.2422  0.3203 
                     8               22.3   2.2422  0.2803 
                9      22.2   2.2523  0.2503  
  10         22.1   2.2624  0.2262  
  11      22.0   2.2727  0.2066 
  12     22.0   2.2727  0.1894 
  13     21.9   2.2831  0.1756  
  14       22.3   2.2422  0.1602 
  15     21.6   2.3148  0.1543  
  16     21.4   2.3364  0.1460 
  17     21.3   2.3474  0.1381 
  18     21.3   2.3474  0.1304 
  19     21.1   2.3697  0.1247 
  20     21.1   2.3697  0.1185  
4.2 Simulation with target area   
     In this study, we appointed the target area that is the biggest shopping center in the Korea. It 
named as “COEX  MALL” where has the largest total floor area in Korea. Fig.3 show the floor map of 
“COEX MALL”, about 150,000 people visit this mall each day and the structure is quite complex.  
    Table 6. shows the basic information about target area. There are eight main exits to outside.  
This place contains many possible emergency issues such as a fire situation, terrorism-driven 
emergency or natural disaster. Thus, it requires proper evacuation route design for agents.  
20
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